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THI: starting point of the present investigation was the observation that 
the Type III encapsulated pneumococci arising from transformations induced 
in certain unencapsuiated strains are of two sorts: the majority give rise to 
colonies having diameters approximately 3 times larger than rough colonies 
have, while a few form colonies which are 4 times larger. Cioncs set up from 
the two sorts maintain indefinitely, under appropriate conditions, their 
characteristic difference in colony size. The experiments lo bc described 
below are concerned with the origin and nature of the pneun1ococc.i which 
give rise to large colonies (LC pncumococci). 

The interest of the observation emerges from the following considerations. 
In the past it has been noted that the size of a pncumococcal colony is often 
correlated with the amount of capsular poiysaccharide secreted (8, 9, 14). 
Thus, the finding of the LC clones raised the problem, already considered 
in an earlier publication (15), of whether the Type III capsular agent acts 
as a discrete unit, or whether, on the contrary, it induces the formation of 
a spectrum of transformed bacteria exhibiting varying degrees of poigsac- 
charide secretion. If the latter were true, LC clones might be pnCumococci 
which secrete very large amounts of capsular polysaccharidc, and belong 
thus in the upper limits of such a spectrum. In the earlier study it was con- 
cluded that the capsular transforming agent acts in an all-or-none fashion. 
The present study confirms this conclusion, for it was found that the colonies 
of the transformed Type III pncumococci form two discrete distributions 
with respect to diameter. No cvidencc for a spectrum could be obtained. 

by 
The espcrimenls to be dcscribcd sho\v that LC pneumococci arc produced 

a double transformation, in the course of \\hich a bacterium acquires 
not only the capsular agent, but also a hitherto unrccognised agent, present 
in extracts prepared from the Type III strain usually employed in capsular 
transformation studies. The nc\v agent (I,C agent) is apparently intlcpcn(lcnt 
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(,r the capsular agent, both as a genetic entity and with respect to its physio- 
logical activities, for it can be acquired singly by unencapsuiated bacteria, 
l,‘oducing in them a change which results in their forming colonies which 
are slightly larger and distinctly more opaque than those of ordinary unen- 
,apsuiated clones. A study of the metabolic difierences between normal and 
I,C strains will be described. The results of this study dcmonstratc that LC 
strains hare a distinctive pattern of glucose metabolism, and that they fail 
to osidize lactic acid. 

The present report is subdivided into two chapters, one dealing with 
biometric and transformation studies, the other describing metabolic studies. 

I. BIOMETRIC AND TRANSFORMATION STUDIES 

Two questions were investigated: 1) Arc capsular transformations induced 
in all-or-none fashion? and 2) What is the origin of the LC pneumococci? 
These probicms were investigated by the measurement of many colonies 
of encapsulated pneumococci, obtained by spreading on petri dishes pop- 
ulations of unencapsuiatcd pneumococci in \vhich transformations had 
been induced by treatment with various specific transforming cstracts. 

MATERIAL AND METHODS 

The methods of culture, preparation of transforming agents, and induction of 
transformations wrrc those dcscribcd in a previous publication (4). The only modifica- 
tion introduced was the more careful standardization of the blood-agar plates ‘on 
which the colonies to be measured were grown. The important factors to control 
are glucose content and surface humidity. With respect to the former, 2.0 cc of a 
sterile 2.5 per cent glucose solution were added for every 150 cc of agar tncdium. 
Surface humidity was reduced by drying the plates overnight at 37” C. In any 
single espcrimcnt the same volume of culture, or dilution thereof. was spread on 

all of the plates. In the early part of the work, sterile dcfibrinatrd rabbit blood was 
employed in the agar medium, while later horse blood was used. .\lr. Lemctaycr, 
Director of the Institut Pasteur at Garchcs, and Mr. Girard, Chef dcs Services de 
Saignkes, very kindly supplied horseblood in the large quant.ities which proved 
necessary for conipirting thr present siudy. 

Dilutions of cultures for plating wc’rc matir in 2 per cc~nt ilifco Scopcptonr tiissoivcti 
in 0.83 per cent NaCI. 

Even with above precautions, sonic \-ariation was observed in the mc’ati diameter 
Of colonies of a given strain whc11 plnlcti on different preparations of medium. 
Consequently, direct comparison of various cxpcrimcnts was not al\vays possible. 
Duplicotr i)latcs gavr, howcvrr, V~I‘V consistent results. .\I1 mcasurcn1znts of colonies 
were pcrformcd after 7’7 hours of incubation at 37” C. Longer incubation produces 
larger colonies, but autoiysis brcomcs very pronoimcrd when inc.ubation is continued 
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‘,eyond the chosen time interval. Measurements were carried out with a Zeiss ocular 
;cre\\--nlicrolllcter mounted on a binocular dissection microscope ‘Ike overall magni- 
‘ication was 9 fold. ‘Be petri dishes were held on an inclined stage, and their surface 
Iluminated obliquely. With an cvcn illumination, the colony margins were veq 
harp. The diameter of a colony was measured at right-angles to the direction of the 
nclination. 

l‘he pncumococcal strains which were transformed were II36.4, the rough strain 
lsed in the classical experiments of Avery, MacLcod and McCarty(E), and SIII-l-T50, 
In intermediate smooth strain produced by transformation of the above \vilh an 
xtract obtained from the mutant Type III strain SIII-1 (1.5). 

At the outset, transforming extracts were prepared from the Type III strain A(;& 
.‘his strain contains the normal, or SIII-N capsular agent, and forms very large 
mounts of polysaccharidc. As the present study evolved, transforming extracts 
fere prepared from various clones isolated from transformation cspcrimcnts. These 
41 he described in the course of presenting the results. 

EXPERIMENTAL RESULTS 

1. The diameters of SIZI-N colonies of independent origitl. If the capsular 
gent induces transformations in an all-or-none fashion, independently 
*ansformed bacteria should be identical \vith respect to capsule. A dc- 
nitivc study of this point is not possible. onin g to lack of quantitative an(l 
uaiitativc methods of studying l~oi~saccliaritle sccrction in a large sample 
f clones set up from such bacteria. Howcvcr, a procedure \vas dcrclopccl 
Gcb, \\-ith certain reserves, can be considcrcd to scrvc this purpOSC. DiITrr- 
rices in the amounts of polgsaccharidc secreted are often rcflccted in difrcr- 
rices in the diameters of colonies: the more polysaccharidc, the larger tbc 
llony. Thus, measurcmcnfs were made on many colonies dcrivcd from 
‘ypc III pncumococci which had arisen indepcndcntly of each otbcr by 
ansformation of an unencapsulated strain. The characteristics of the dis- 
ibution obtained were compared with those of a second distribution, ob- 
.ined from measurements of colonies derived from the progeny of a single 
ype III pneumococcus, also made by transformation. This second distri- 
ution is a control, describing the variability of the diamctcrs attained by 
jlonics grown from sister cells. If the capsular agent acts in an all-or-none 
sbion, the characteristics of these two sorts of distributions sliouid bc 
.cntical, for tbc variability in both instances shoultl bc due only to normal 
lriation in the growth on plates. 
The first, or csperimcntal distribution, was obtained in the following way. 

he strain undergoing transformation was treated \vitb the Type III agent 
lder optimal transformation conditions. After incubation, dilutions of the 
eated cultures were spread on blood-agar plates. All colonies which were 
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nlorc mucoid than the inoculated strain UYYC mcasurcd, provided thcg did 
not fall in a crowded arca. At least four treated cultures were employed for 
establishing a single distribution. Thus, while some of the mucoid colonies 
on a plate made from a given culture might be the progeny of a single trans- 
formed bacterium, the colonies mcasurcd for a single distribution cannot be 
derived from less than four independent transformation events. It is indeed 
probable that they are derived from wry many more. 

The addition of as little as 0.005 micrograms of DNA, isolated from an SIII-N 
strain, to an appropriate medium containin, 0 transformable pneumococci suffices 
to induce the transformation of a few hactcria. It has been found that the addition 
of 1000 times this amount of nucleic acid induces transformation of about 0.5 per cent 
of the unencapsulated bacteria during a time interval of 30 minutes, provided the 
bacteria arc in the state which permits them to react with the nucleic acid (10). 
Under the conditions of the present espcriments, the transforming agent is prcscnt 
in about 1000 fold excess of the minimal amount required to obtain transformation. 
At the time when the hactcria hccome capable of reacting with the agent, their 
population density is 1G 000 per cc. The reactive state persists for two hours. Assum- 
ing an incidence of transformation of 0.5 per cent which is a minimum estimate, 
the encapsulated bacteria appearin, 0 at the end of the incubation period normall> 
given to transformation cultures (17-20 hours) would on the average dcrivc from 
16 X 5, or SO, transformations in each of thr treated cultures. 

In the earlier cspcrimcnts, treated and control cultures \\-cre incubated 
18-20 hours prior to spreading on piatcs. Howcvcr, it was found that this 
long incubation led to a wide spread in the measured diameters, olving, no 
doubt, to the onset of adverse conditions after the cessation of growth in the 
transformation medium. In inter espcrimcnts. piatings were made after 
only 12-14 hours of incubation. Soncthclcss, the distributions of colony 
diameters obtained from transformation espcrimcnts arc somc\vhat wider 
than those obserrcd when the same bacteria are taken from blood-broth 
medium. 

The clone utilized for preparing the control distribution was dcrivcd from 
a single Type Ill colony isolated from a previous transformation of the same 
strain upon \vbicb tbc cspcrimcntai distribution \\-as to be obtaincti. Control 
clones \vcrc grown under the same conditions as those cniploycd for induring 
tran&rmations, in order to climinatc dilTcrcnccs in the distributions \ybich 
might bc due to or result from tlilfcrcnccts in cultural conditions prior to 
plating. 

The results of a typical cspcrimcnt arc shown in Fig. 1. In this particular 
instance, the strain undergoing transformation n-as Slil-1-T5O. .\s has bcrn 
already stated, the control clone came from a single Sill-S colony rccovcrcd 
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Fig. 1. Histograms coustructed from the meas- 
uremeuts of diameters of colonies of eucap- 
sulatcd Type III pueumococci. 011 the left, the 
bacteria came from four cultures in whicll 
multiple transformations had been induced. On 
the right, the bacteria came from a clone iso- 
lated a few days previously from a transformation 
experiment. The strain undergoing transforma- 
tion was SIII-I-TSO. Uoth lhc means and the 
standard deviations are essrutially the same. 

from a transformation of strain SIII-l-T50 a few days earlier. It can be seen 
that the distributions of the diameters of the SIII-N colonies are essentially 
the same whether the bacteria come from the control clone, or directly from a 
transformation culture. It is clear, therefore, that there is no obvious difTer- 
encc between the various SIlI-K colonies which arise from the control clone, 
and those which arise from different transformed SIII-1 pneumococci. ‘l’hus, 
the SIII-N agent does not appear to give rise to a spectrum of pncumococci 
having graded polysaccharide secretion, but on the contrary seems to behave 
as a discrete entity. 

If IIOW new clones arc set up, scleeting tbc largest and smallest of the colonies 
of a particular distribution, usually, all of these clones give rise to essentially 
identical distributions, \vhen the colonies formed by them arc measured, 
and these distributions do not dilTer from the original one. Holvcver. the 
following csccption to this rule is observed: from time to time, w~cn a clone 
is set up from a wry large colony, it gives rise to colonies which arc on the 
average about 25 per cent larger in diameter than the majority of SlII-N 
colonies measured. These constitute the LC clones. 

The appearance of these clones in the transformation cultures is very rare. 
Often, none arc found. However, in one out of ten distributions obtained 
from transformed cultures of strain SIII-l-‘rjO, a definite bimodality n-as 
found. This aberrant distribution is shown in Fiq , . 2. The second mode was 
found to bc (IUC to 111~ pr~cncc of an unusually large number of I,(: (:toncs 

in this particular cspl,rinlcnt. 

Attempts WCIT made to determine the average nu~nt~cr of cells per colony in t]lc 
two kinds of clonrs. Scvrral well isolated colonies from each were ]lomogcnizcd ill 3 
measured volume of medium, and serial dilutions of tbc suspensions i,]ated. 1t \\‘as 
found that whereas the results were concordant when the colony came froln an S]]I-x- 
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I..ig. 2. Histogram coustructed from measure- tJ7 10. 
,ne,,ts of encapsulated Type III colonies grqwu $ 
from bacteria of four cultures in which multiple 2 
transformatious had beeu induced. Out of ten 2 
sci~ of such measurements, ouly this one showed 
himadalily. The peak ou the right is caused by 6 5. 
tl,e presence of an csceptionally large number 5 
,,f ]argc colonirs in this particular experiment. ; 
‘rhe peak ou Ihc left corresponds to the single 2 
,,c:,k in Figure 1. 

WfCROMETER “NITS 

1,~ clone, they wrrc aberrant when the colony was SIII-S. The aberration consisted 
o: an cxccss of colonies in the bigbcr dilutions. An experiment was set up to see 
whether concordant colony counts would not be obtained if the initial suspension 
were incubated a short time before diluting and plating. This was tried, leaving the 
suspensions 15 minutes at 37” C, and one hour in the refrigerator before diluting and 
spreading on plates. The counts on serial dilutions were then in agreement, in both 
types of clones. Furtbcrmorc, while the average number of cells per colony of S I II-N- 
1-C remained unchanged by this treatment, the number of cells per SIII-N colon> 
was increased by 30 per cent. The ratio of tbcse averages was 3 :l. The cspcrinlents 
arc of interest in that they suggest that SIII-N colonies may be smaller because these 
bacteria ]la\rc a lowered viability under aerobic conditions, undergoing autolysis 
more readily. 

From these csperimcnls it may Ix concluded that the SIII-S pncumococci 
produced 1)~ the action of the SllI-N transfornnln, . 0 agent on strains R3(iA 

alid SIII-l-T.50 fall inlo one of two categories of which the first is niorc 
frequent: clones which form colonies of the diamctcr sho\vn in Figure 1, 

and clones characterized by unusually large colonies. In Fig. 3 arc sho\vn 
the relative diameters of normal and LC clones. The data for this figure 
were obtain4 by mcasurin, 0 the colonies produced by one LC clone and one 

normal clone, grojvn under identical conditions and mcasurcd the same day. 
Fig. 3 also includes measurements made the sanic day on strain SllI-1, an 
intermediate smooth Type III clone which has hccn mcntioncd very frc- 
quently in previous publications (4, 13, 15). ‘I‘bc three clones arc quite 
distinct. 

In the course of this study, a surprisin, 0 mutability was obsrrvrd in tbr clones 
derived from the transfornlcd bacteria. In one rxprrimcnt, after 3 transfers of 1:s 
clones, two containrd mutant forms wbicb wcrc less mucoit] than SII I-N pncunlococci. 
In another esperimcnt, similar mutations were obscrvcd in 3 out of S clones 3CLcr 
growth ol tlic first transfers. This may bc due to a real mutability of tbc capsular 
agent itself in these transformed clones. On tbc other hand, it nlay be that unencap- 
sulated strains tend to c~olvc toward a state in which capsular syntbrsis is disad- 
vantageous, so that endowing them witb capsules b\- transformation upsets the 
pattern of sclcction. Under tbrse circumstances, mutations of the capsular agent, 
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ITin n. 3. Histograms constructed from tneasuremeuts of 
colonies growu from three different clones of pueumococci. 
Clouts SIII-S and SIII-N-LC were isolated from single 
colonies, the measuremcuts of which are included in Fig. 2. 
Clone SIII-N came from a colouy in the left hand distribu- 
tion, while cloue SIII-N-LC from a colouy in the right 
baud oue. For comparison, colonies of mutaut Type III 
strain SIII-2 wre measured simultaueously aud included 
in the diagram. 

leading to diminished capsule synthesis, would bc favored, as would also be favored 
mutations reversing tbc trend established by prolonged existence in the unencapsu- 
lated state. 

2. The homoyeneity of type III strain A@. Since the transforming extract of 
strain AGG ohriousl~ induces the formation of two kinds of ‘I&X? III pncumo- 
cocci, it becomes essential to know ~vhether strain AGG is heterogeneous, 
being coml~oscd of thcsc two cell-types, or whcthcr, on the contrary, both 
activities reside in the nucleic acid fraction of one cell-type. Thcrcfore, mcas- 
urcments were made upon colonies of the stock strain AGG. On the same day, 
and on the same media. measurements wcrc also made on colonies of a 
clone of SIII-S piicumococci, isolated from a previous transformation cxpcri- 
ment. The results of these measurements arc shown in Figure 4. It is clear 
from these measurements that the colonies of strain AGG have $ mean dia- 
meter about 20 per cent larger than fhat of the SIII-N colonies of the control 
clone. Thus, strain AGG is best described as an SIII-I\‘-LC clone. There is 
no indication that the smaller colony type is present in the population AGG 
in any appreciable numbers. 

This being so, the simplest workin g hypothesis consists of supposing that 
both colony types arise from the activities of the nucleic acid isolated from 
an cssentiall~ ho~nogciieous population, and that the t\vo activities arc due 
to two factors \vliich rcsitlc in each l~nciimococcus in the AGG l~ol~ulation. 
One of these factors is the capsular agent, \\-hilt the other is lxmumably 
a new agent, responsible for the large colony size. The rarcncss nit11 whic.1~ 
SIII-S-LC pneumococci arc formed by transformation would thus bc the 
consequence of the rarcncss of tjvo dill’crcnt transformations taking place in 
the same bacterium. 

b Iii”. 4. Histonmms constructed from measurcmcnts of colouies 
iI&ed from~.ktrain AMi, on the right, and an SIII-S clone 011 
the left. The SIII-N clone was matlc hy trn~~slorlllnliol~ of a11 
iIII-1 bacterium by an extract of strain hG6. 

i 3. The crrpsular cl~yenL~ present in SIII-LY und SIII-.\--1X slroins. If the above ) 
! 

h-pothcsis is correct, the capsular agents in both t~pcs of clones shoul~l be the 

same. TO test this point, nucleic acid cstracts \vcrc prcparcd from t\vo C~OIICS, 

i one SIII-N-LC and one SlII-X (TPs 31iE and 3013, rcspcctivcl~). \Yith thcsc 

I 

cztracts, transformations were induced in strains RX.1 and SI I I-l -‘l’.W, the 
treated pol~ulations wcrc spread on plates, and the colonies obtained mcasurccl 

t in the usual fashion. Iii a typical cspcrimcnt, G5 smc~)lh colonies from l’latcs 
of cultures trcatctl with ‘1’1 3GI: and W from plates of cultures ttcalcd \vitli 
TP 301% were measured, yieldin, (r the mean valiics of 2.02 + O.l’i:l and - 
1.93 2 0.117 micromctcr units rcspc~tivcl~. ‘I’hc dilTcrcncc bctwccn the means 

I 
is not significant, and it can be concluded, thcrcfore, that both ‘~1’ prcpara- 
tions induce the formation of essentially the same sort of cncal~sulatetl 

I 
bacteria. Thus, strain SIII-N-I,C contains the sanic capsular agent as strain 

SIII-N. 

i 
However, it was noted in the course of these espcrimcnts that in the cultures 

treated with Tl’ Xl5 there occasionally appear some SIII-S-LC clones, while 
I 

i 

none are found in the cultures treated with ‘1’1’ 301). In ik biological activity, 
TP 3GE thus resembles the transforming extracts l”cparcd from strain 

i 
;\GG. This finding is cntirc1.v in agreement with the hypothesis that the LC 
trait is tletcriniiictl 1)~ ,711 agent similar to the c:~l~suI:w agcnl, which can he 
transfcrrcd to pncilmococ’ci 1)~ the 1rni~sl’or~mation tcchnicluc. 

4. The isolufion of trllellcclp,silltrtctl IX clones. If the l>ro]wrtics ol’ the I,C 

slrains are dcterminctl hy a Iransforming agent, and if this agent is iudepcn- 
cnt of the capsnlar agent, lhrn one should cspcct uncncapsulatcd bacteria 

to be able to acquire the former without the latter. Indeed, this transformation 
should occur more frcquentl~ than the double transformation in which 
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both arc acquired. Detection of R-LC or SIII-S-LC bacteria would depend 
upon whether transformation by the LC agent alone suffices to produce a 
recognizable morphological change. 

A careful search among the previously supposed “untransformed” mem- 
bers of treated populations of R and SIII-1 pneumococci revealed that some 
of. the colonies produced by them were, in fact, different from ordinary R 
or SIII-1 colonies in that they were somewhat larger and very much more 
opaque. The incidence of the aberrant colonies in the treated zultures was 
never greater than 0.7 per cent. None were ever found in cultures which had 
not received a nucleic acid preparation from an LC strain. Clones derived 
from the aberrant colonies mere established, but these could he maintained 
free of reversions only when carried on solid medium (blood-agar). Measure- 
ments of colonies of normal and aberrant clones of strain SIII-l-T50 gave 
the average values of 0.796$-0.143 and 0.983 to.192 micrometer units. 
The differences between the means is not significant, and, indeed, on the 
basis of size alone it would be difficult to ascertain that two distinct colony 
types exist. However, the opacity of the aberrant colonies permits an almost 
certain differentiation when the plates are examined in transmitted light. 

Since it was suspected that these aberrant colonies might be derived from 
pneumococci \\hich had acquired the hypothetical LC agent but not the 
SIII-S agent, the next step was to transform them with the capsular agent, 
to see whether or not they yielded SIII-N-LC bacteria. Just prior to subjecting 
various clones to transformation, they mere transferred from plates into 
liquid medium, using large inocula. These cultures served to inoculate trans- 
formation cultures and were discarded afterwards. In the particular experi- 
ments to be described, the aberrant clones were transformed with a nucleic 
acid extract of strain AM. At the same time, controls were made by trans- 
forming normal strains with the same nucleic acid preparation. The treated 
populations were streaked on sectors of agar medium plates, rather than 
being spread for measurement. From each treated population, one trans- 
formed %olony was chosen at random, grown out in blood-broth medium, 
and samples of the resulting culture plated for measurement: @uadruplicate 
transformation cultures were made of each aberrant clone and of each control 
strain. Thus, for each strain treated with the nucleic acid fraction of strain 
AM, the progenies of four independently transformed bacteria wcrc mcasurcd. 
This method of study was chosen to avoid the greater variability in colony 
diameter which is observed when measurements arc made directly on the 
colonies of the transformation cultures themselves. The results of some meas- 
urements arc she\\-n in Fig. 5. From these observations, it is clear that \vhen 
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1 

fig. 5. Histograms constructed from measurements of w 
SIII-N colonies derived from transformation of normal : 
and aberrant clones of strains SIII-l-T50 and RJGA. f 
~~~ the pair of curves on the left, the left-hand distri- 
bution came from measurements of colonies of trans- 

i 
20.. 

formed normal SIII-1 pneumococci. while the distri- 
bution on the right came from ITIeaSUrementSoftranS- "0 
formed aberrant SIII-1 pneumococci. The pair of i 
distribution curves to the right are the results of 
similar measurements on transformed normal and 

$K,.. 

aberrant R36A. In both cases, the transformed aber- 5 
rant clones gave rise to larger colonies on the average 
than did the transformed normal clones. r.5 10 2.1 MlCROHETEbO “2, 20 25 

the clone undergoing transformation is an aberrant clone, be it R or SIII-1, 
the SIII-N bacteria induced are all SIII-N-LC; that is, they form colonies with 
a mean diameter roughly 25 per cent larger than that of colonies of the majority 
of the transformed bacteria arising in the normal strains of R or SIII-1 
pneumococci. This result is entirely consistent \vith the hypothesis that the 
aberrant R and SIII-1 strains already contain the postulated LC agent, \vhich 
they had acquired indcpendcntly of the capsular agent in a prcGous trans- 
formation. 

The aberrant R and SIII-1 clones will thus be referred to as R-LC and 
SIII-l-LC clones. 

5. A quanfifafiue study demonsfrafiny that fhe LC cryenf is <I speciJic COIII- 
ponenf of nucleic acid ezfracf 3GE. Pncumococci exhibiting the LC phenotype 
were found only when 1~ or SIII-1 bacteria were treated with a nucleic acid 
fraction prepared from strain AGG, or from an SIII-S-LC strain recovered 
from a transformation experiment. Since in general the incidcuce of LC 
clones is low in a transformed population, it \vas conceivable that failure 
to find such clones after treatment with other nucleic acids might be due to 
sampling error. Accordingly, an experiment was performed in which popula- 
tions of strain RSGA were treated with nucleic acid extracts 36E and 3013, the 
former ohtaincd from an SIII-S-LC strain and the latter from SIlI-S, the 
incidence of R-LC colonies was scored, and the data nnalyscd statistically. 
-4 total of 11 transformation cultures were studied, 1 receiving TP-36E and 
7 receiving TP-3013. Samples of the treated cultures \vcre spread on plates, 
and after incubation, the total number of colonies and the number of LC 
colonies per plate were estimated from counts. A large number of colonies 
from the seven cultures treated with ‘1’1’ 3OU XVere carefully examined. -4ftcr 
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searching for LC colonies by holding the plates against a light source, they 
l\\-ere esamincd under a binocular microscope. Whereas ten LC colonies 
were found on the plates made from the four cultures treated with TP-3GE, 
none were found on those made from the seven cultures treated with TP-30I3 
(see Table I). In view of the large number of colonies examined, it is very 
unlikely that the observed dill’erence is due to sampling. The experiment 
thus confirms the hypothesis that TP-3GE contains a specific agent responsible 
for the appearance of the LC bacteria in the treated populations and that 
this agent is absent from TPJOB. 

-411 of the biometric and transformation studies agree \vith the hypothesis 
that the nucleic acid fractions of strain AGG and of SIII-N-LC strains contain 
a hitherto unrecognized transforming agent which is responsible for the LC 
phenotype. The presence of this agent in strain -4GG accounts for the size 
dilTercnce observed between colonies of this strain and the ma.jority of colonies 
arising from transformations induced with nucleic acid derived from it, 
for the two transformable strains most frequently used in transformation 
experiments d&r from strain AGG by at least two factors: the capsular agent 
and the LC agent. Transformations induced by nucleic acid extracts prepared 
either from strain AGG or from SIII-N-LC strains produced by transforma- 
tion thus consist of the following inductions: 

’ (Or ‘III-l) ~~~~~~~-LC 

single transformation 
R-LC (or SIr I-1-LC) single transformation 

double transforma;io* 

II. METAElOLIC STUDIES c 

The inconvenience of colony diameter as a criterion for the identification 
of clones is that it lacks specificity. Thus, the homogeneity of the class of 
strains which have been called LC remained doubtful until a more specific 
criterion for identifying them was found. The metabolic studies to be pre- 
sented below provided such a criterion. 

The observed dill’crcnccs in colony size are manifested on blood ngar 
plates; that is, under aerobic conditions and where glucose limits the amount 
of growth. A metabolic tlil~crence was therefore sought in the aerobic meta- 
bolism of glucose by normal and LC strains. In addition, a seco~ltl possible 
difference was sought, since it bad been noticed that the two types of colonies 
produced difTerent degrees of greenin g of the blood. Since greening is due 
to the liberation of H,O, by the bacteria, manomctric experiments on glucose 
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,,s\;iciation were set up in such a \\-a? as to permit a simultaneous study of 
the amount of H,O, formed by each of the strains. 

~\i’o systematic study has apparently ever been made of the oxidative metabolisni 
of pneumococci. Finkle (5) observed differences in the Qo, of three smooth races 
of diffcrrnt capsular type, as well a5 in rough races derived from the latter. In 
,jl,osl)hatc huffrr, the ol)timum 0, consumption was found to occur at p13 7.3. 
C)hsrrvations of Swag and hfaiwcg (13) demonstrated that without the addition of 
,jrotcctive agents to the bacterial suspensions, respiration was rapidly inhibited 
I,!: the accumulation of H,O,. Catalase and pyruvate wcrc cffrctivc in maintaining 
euzymatic activity, the former by destroying peroxide, the latter by reacting chemi- 
&y with it. 

TP 

3GE 

Total 

Total 

Colonies 
examined 

I T- 

4 ‘I56 
5 352 
5 192 
8 200 

23 200 

* 2 ‘q7 - - 

17 208 
1-l 274 

i 770 
0 50.5 
9 221 

II 48-l 
81 X87 

- - +TA~u I. Comparison of the transforminz activities of two 
LC difIerent transfonniq extracts, the one‘~wq~arcd from an 

SIII-Xi-LC clone (TP-3GE) and the other from an SIII-S - clone. The strain transformed is R36A. Four cultures were 
treated with the first TP and seven with the second, and 
from each culture the indicated number of colonies was 

esatnh~ed. 

TABLE II. Comparison of an LC and n non-1-C strain with 

I 
1 respect to ability to osidizc lactate. 

Stwin p molts / p 1.. 0, 
I:trt;1tc c’ol~sUUlcd 

5 1X2 1.38 
SIII-1 10 44 

- - 5 

10 120 0.51 
SIII-I-LC 10 3 

T- 0 -I ti 

catahsr added. DUmtiUll of csllt. 3 hours 

MATERIAL AND METHODS 

1. General melhod. In order to study glucose oxidation, inactivation of enzymes 
by prrosidc must be avoided. At the same time, to work constantly in the prcscncc 
of catalasc is impractical since it renders impossible study of the formation of l-1,0,. 
The following mrthod was therefore adoptctl: thick hnclcrial suspensions arc prcparcd, 
and a very limited amount of glucose was added. Iicspiration was allowed to go 
to completion. One Warburg vessel received glucose and catalasc, and when 0, 
consumption fell to the level of endogcnous respiration, more glucose was tipped 
in to verify that the cessation of respiration had not hccn due to enzyme inactiva- 
tion. In a kxond vessel catalasc WE. held in rcscrvc while the glucose was osidiscd. 
IVhen respiration ceased, the catalasc was tipped in and the relrascd oxygen measured. 
Since under these conditions, the difference in respiration in the prcscnce and abscncc 
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of catalase was always equal to the amount of oxygen rch?ascd by catalase in the 
second vcsscl, it is assumed that the glucose in the second vcsscl was completely 
oxidized, and that a correct evaluation of ti*O, production is obtained. 

In some experiments, glutathion was employed for study of H,O, production 
since this substance reacts rapidly with H,O, without producing a change in gas 
\volume (11). Glutathion as weli as thioglycollic acid is very effective in protecting 
the activity of pncuniococcal enzymes in the course of glucose oxidation, and the 
advantage of this medhod is that it makes it certain that oxidation in the absence of 
catalasc has gone to completion. Two cxpcrimental vessels arc required: one receiving 
glucose and cataiase, the other glucose and glutathion, the difference in the volume 
changes being equal to the amount of 0, liberated by catalase in the first vessel. 
At high pH values, the inconvenience of the method rcsidcs in the difficulty of car- 
rccting accurately for the autoxidation of the SH compound when it is in excess. 
In this respect, thioglycollic acid appeared to be the better reagent. However, 
with strains of bacteria in which peroxide production is known, these substances 
could be used very advantageously in various metabolic studies, since any appre- 
ciable excess of the SH compound could be avoided. All difficulty can be avoided, 
of course, by working at a pH below 7. It should be noted that the ability of SH 
compounds to react rapidly with H,O, has been overlooked by bacteriologists 
and biochemists, who have been inclined to explain the beneficial action of these 
substances on the growth of certain microaerophilic bacteria as due to a direct 
action on the SH groups of bacterial enzymes. It is likely that in certain cases their 
primary activity is simply to destroy hydrogen peroxide. 

2. Pncurnococcal slrains. Various LC and non-LC strains were studied. Howcvcr, 
the bulk of the work was done on two clones, one normal, and one LC, both of 
which possessed the mutated capsular transforming agent SIII-1. Since LC strains 
are stable only on solid medium, both normal and LC clones were carried on agar 
to avoid any differences in cultivation of the strains to be compared. 

3. Z’reparation of cell suspensions. Pneumococci undergo autolysis readily, so 
that great. care must be exercised in growing the bacteria and preparing cell sus- 
pensions. All cultures were initiated by transferring several loopfuls of cells from 
agar petri dish cultures to liquid medium (medium 1, reference 4). After the first 
appearance of turbidity, the cultures were incubated another 2 hours and placed 
in the refrigerator for the night. Next morning, after addition of 0.5 cc of a sterile 
2.5 per cent glucose solution per 100 cc of culture, the cultures were placed for 
1 hour, in a 37” C water bath. Thcrcaftcr, the bacteria were harvested by centri- 
fugation, washed once with a small volume of the salt mixture to be described below, 
and resuspended in the desired volume of this same solution. 200 cc of culture sufficed 
for a 4 vessel experiment, the washed cells being taken up in 9 cc of salt solution. 
For larger cxpcriments, larger amounts wrrr prepared in the sails way. SUSpCilSiOll 
density was controlled photometrically. Microscopic examination rcvcalcd that 
suspensions contained short chains of gram positive diplococci, homogeneous in 
size. 

4. Solufions. All solutions were prepared in Pyres distilled water. The suspension 
medium contained 42 mg of NaC1, 230 mg of KCI, CiO mg of CaCl and 95 mg of JIgSO, . 

iH,O dissolved in i5 cc of mater. To this were added 23 cc of M/7.5 phosphate 
buffer pI-I 7.8. 
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\+‘arburg ve~scls receiving catalase were given 0.2 cc of a solution of crude catalase 
,‘ogvder, l/1000 (Armour and Co.) prepared fresh for each experiment. 

The glucose employed was “Dextrosol” (SociW des Produits du Ma%, Paris), and 
the lactate a raccmic preparation (Malinkrodt). 

Fig. F. Results of a typical rcspiralion 
psperiment with an LC strain and a 
IIOII-LC strain 0C Pneumococcus. 

i EXPERIMENTAL RESULTS 

1. Respimlion crrad H,O, formnfion with qlrccose. ‘I’hc results of a typical 
experiment on a normal and an LC strain arc shown in Fig. 6. In this particu- 
lar instance, the non-K strain contained a lnutatcd capsular agent, \\hile 
the IX strain contained a normal capsular agent. As will be shown presently, 
the kind of capsular agent possessed by the bacterium has no influence on 

its respiration in the presence of glucose. From this figure, two differences 
between LC and non-LC strains can be seen. First, lhc LC strain consumes 
very much less osygcn per niolccule of glucose than the non-LC strain. 
Second, H,O, production 1)~ the LC strain is both absolutcl~ and relatively 
less than that of the non-LC strain. 

For purposes of conlparison of the respiration of various strains in the 
presence of the same amounts of glucose, Fig. i has hcen prcparcd. It 
summarizes rcslllts oblnincd \vith thr-cc kinds of strains: <I), non-IX strains, 

rcpresenlctl bv RX.\, Sl II-l-‘1’30, and an SIII-S slrain niadc 1,~ 1ransforma- 
tion of the latter with the nucleic acid extract of strain -466, and in the course 
of which onlv the SIII-S capsular agent \vas acquired; b) an LC strain, 
made I>\- tralisform:llion of strain SIII-l-‘I’.% A\-ilh the ahorc nucleic acid y 
cstract, and as a result of \vhich both the LC agent and the capsular agent 
were acquired: and c), strain AOG ilsrlf, the stock laborator\- strain \vhich 
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posscsscs both the SIII-N capsular agent and the LC agent. For each molecule 
of glucose, the first group of strains consumes l.G-l.S molecules of oxygen, 

I 
t 

the second strain, about 0.4 molecules, while the last strain consumes 1.1-1.2 
molecules. In each instance the cessation of oxygen uptake was due to exhaus. t 

I 
tion of glucose. 

B 0 
3 
b 
Y 
P Fig. 7. Respiration of various strains of 

P 
Pneumococcus in the presence of 5 micro. 
moles of glucose. Strains R3BA, SIII-1 

0” and SIII-N arc non-LC strains; Strain 
z AGG is the naturally occurring Type III 

f 
strain in which the LC agent was first 

P 
found; Strain SIII-N-LC is and LC strain 
made by transformation of strain SIII-I- 
‘I’50 with an extract from strain AM. 

T\vo 11oints of interest can bc noted in Fig. 7. First, particularly evident 
is the magnitude of the dXerencc between the non-LC strains and the I,C 
strain made by transformation. Second, it is quite clear that although strain 
AGG has a less active oxygen consumption than the non-LC strains, it is 
nonetheless more active than the LC strain made by transformation. Thus, 
although strain SIII-S-LC has acquired txo agents from tbc nucleic acid 
fraction of strain AM, the two strains are not identical in their metabolic 
properties. It must be supposed, therefore, that strain A66 dilfers from strains 
R36.4 and SIII-1 not only in possessin g the LC and SIII-S agents, but also 
in an inherited ability to carry out further oxidation of glucose in spite of 
the LC agent being part of its genetic constitution. 

Although strains AGG and SIII-I\I-LC differ in this respect quantitatively, 
qualitatircly their respiration is wry similar. Strain AGG forms very little 
free hydrogen pcrosidc, just as strain SIII-S-LC. An even more striking 
qualitative similarity bet\veen strain XGG and LC strains matlc by transforma- 
tion will be described in the section below. 

2. Respiration in the presence of other wtbstrates. ~cithcr LC or non-LC 
pneumococci, grown as described above, osidize pyruvate, gluconolactone 
or G-phosphogluconate. However, with respect to oxidation of lactate, the i 

I 
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,,,,,, l<intls of pneumococci dialer sharply. \Vhereas lactate is oxidized by 
,,,.ains Ii3GA. SIII-l- 1 0 “5 and by most cncapsulatcd strains produced by their 
,rZansformation, this substrate is non oxidized by strain AGG, or by any LC 
,.train produced in the transformations described above. Typical experimental 
r(,sults arc shown in Table II. Again, it should be emphasized that abilit 

0.75 

rig. 8. The respiration of various LC strains of 
illdependent origin. Each strain is the product 
of an independent transformation induced by 
thr LC agent. The variation in the amount of ...I~ ._ 
os~pu consumed per molcculc of glucose is no 
greater between these strains than that observed 
in indepcndcnt mcasuremcnts ou a single strain. 

n 
0.25. f 

so 

MINUTES 

to oxidize lactate is independent of the capsular constitulion of the strain 
studied, and is strictly correlated with the presence of the LC agent. 

‘2 d. dletctbolic study of vcrrioas newly derived LC drrrins. \\:ith these specific 
criteria for identifying LC strains at hand, thcrc rrmaincd to be cstablishcd 
\\-hether LC c1011es derived from indepcndcnt transformations, and identified 
morphologically, constituted a homogeneous physiological class. Therefore, 
many LC clones were studied manomctrically. The clones \vcre obtained 
from various sorts of transformations: R to R-I-C, SIII-1 to SIII-l-LC, and 
SlII-1 to SIII-K-LC. The inducing agents came from strains .4GG, 3GE and 
3OA. Strain .4GG is the natural source of the LC agent, strain 3BE is an SIII-S- 
LC strain produced by a double transformation of strain SIII-l-T50, and 
strain 30A is an SIII-N-LC strain produced by single transformation of an 
SllI-l-LC strain. 

In every instance, a clone \vhich had been itlentificd on morphological 
grounds as LC, proved to have the metabolic vliarnvtcristics of the LC strains 
tlescribcd in the preceding IWO sections. For csamplc, every LC clone 
isolated from the espcriment sho\\.n in Table I \\-as tested manometrically, 
anti proved to have metabolic propertics characteristic of LC strains. 

Fig. 8 shows a plot of the measurements madc on 11 diKerent LC strains 
of independent origin. The amount of osy~en consumed per molecule of 
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glucose varied from 0.4 to 0.75, but in no case approached the value of I.6 I 
characteristic of the non-LC strains. The variation bet\vecn strains, show; 
in Fig. 8, is no greater than that observed with a single clone on different days. 

Many of these strains were also studied with respect to ability to oxidize i 
lactate. and proved not to respire it. 

2.5 5 

i 

Fig. 9. The determination of respiratory quo- 
tients of LC and non-LC st.rains in the presence 
of diffcrcnt quantities of glucose. The LC strain 
has a pronounced endogenous CO, production 
which takes place only when glucose is added. 
The RQ values for the lower pair of lines are 
0.58, 0.62, and 0.61; for the upper pair of lines, 
0.71, 0.82, and 0.82. 

The experiments demonstrate, therefore, that those clones which have 
been called LC because of the characteristics of their colonies constitute a 
distinct and homogeneous group with respect to their metabolic properties. 1 

Since the presence or absence of a capsule in no way influences these proper- 
j 

ties, we can say that the LC agent cxhtbits a complete physiological autonomy 1 
with respect to the capsular transforming agent. 

t 

4. Respirafory quotients of strain A66, and LC and non-LC strains. Respir- 
atorg quotients were determined on various of the strains described above, I I 
in order to further characterize them. Strains AGG and SIII-l-T.50, when 
studied by the direct method, gave very reproducible values, 0.95 and 0.8 

1 

respectively. However, an LC strain derived from SIII-l-T50 proved cxceed- 
/ 

ingly variable, until it was found that entlogenous CO, production was not i ; 
the same in the presence and in the absence of glucose. The technique was I 

1 
then adopted of running three difl’crcnt concentrations of glucose simultane- 
ouslg, and extrapolating for both endogenous respiration and CO, production. 

, 
i 
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\~:,lues ranging from 0.5 to 0.6 were then obtained. Fig. 9 shows the results 
of su~ll an experiment. 

The RQ of strain AGG is typical for lactic bacteria. The RQs of strain 
SIII-I-T50 and the LC strain derived from it are not. A more striking devia- 
tion from the classical picture of respiration is the high endogcnous CO, 
I,roduction by the LC strain, which takes place only in the presence of glucose. 

- n The formation of lactic acid from glucose by an LC strain. It was pointed 
out to me by Dr. H. Kalckar that since LC strains do not oxidize lactate, 
they might also fail to form lactic acid by fermentation of glucose. An ex- 
ljeriment was thercforc devised to test this point. An LC strain, derived from 
transformation of strain SIII-l-T50, was seeded simultaneously into two 
300 cc erlentneyer flasks, the one containing 200 cc of basal medium (medium 
I, reference 4) and the other containing the same medium to which a meas- 
ured amount of glucose was added. These cultures were incubated for two 
hours after appearance of turbidity, and placed in the refrigerator until the 
next day. The bacteria were then removed by centrifugation (1 hour), and 
the supernatant media decanted carefully. .4 portion of each supcrnatant 
liquid was treated with CuSO, and Ca(OH), to remove interfering substance, 
and the amount of lactic acid determined in each by the method of Friedmann 
and Kendall. The dilference in lactic acid content of the two culture media 

T&s III 
Determination of the amount of lactic acid formed by strain SIII-l-LC from a given amount 
of giucose. The basal medium contained an unknown amount of lactic acid and substances 
capable of giving rise to lactic acid in the course of bacterial growth. Lactic acid present after 
growth was compared in basal medium, and in medium to which a known amount of glucose 

was added at the time of inoculation. 

Solution analysed 

Calcium lactate 

Supcrnatant liquid, 
Rasaf medium 

mg lactate mg lactate Per ceut 
espectcd found recovery 

1.22 

x 

Supernatant liquid, s + 1.75’ 
Raw1 .\Iedium plus glucose, 

1.18 97 
1.19 95.7 

2.26 
2.oi 
2.35 

hv. 2.23 

3.185 
3.63 

A\\-. 3.58 I - 77 

1 Assuming that 1 molecule of glucose girts rise to 2 of lactic acid. 



112 N. Ephrussi- Taylor 

is presumed to be equal to the amount of lactic acid formed from the adtlcd 
~~LICOSC, in the course of bacterial growth. This procedure was adopted since 
the basal mcdhml itself is of unknown composition. Table III shows Ihe 
results of the single esperimcnt pcrformcd. The difTerence in the lactic acid 
contents of the two media indicates Ihat 77 per cent of the added glucose 
w-as rccovcrcd as lactic acid at the end of growth. Thus, judging from this 
one experiment, the conversion of glucose to lactic acid by an LC strain 
growing in unacratcd medium follows the classical picture first described 
by Hewett (G, 7) for pneumococci and streptococci. The result indicates, 
conscqucntly, that formation of lactic acid from glucose by glucolyscs is 
essentially normal in the LC strain sludicd. 
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DISCUSSION 

The present study has revealed the presence of a new transforming agent 
in the desolcgribonucleic acid of the Type III pncumococcal strain A66. 
This brings to four the number of naturally occurring agents which can be 
detected in this material: the Type III capsular agent (2), the rough agent 
(l-1), the M protein agent (l), and the LC agent. One more clement of \vhat 
must be an escccdingly complcs misturc has thus been identified. 

The LC agent could be idcntificd owing to two fortunate circumstances. 
First, the uncncapsulated strains usually employed in transformation studies 
happen to lack the agent, while the Type III strain from which transforming 
cstracts are customarily prcparcd possesses it. Second, acquistion of the 
LC agent by non-LC pncumococci is accompanied by a slight, but unmistak- 
able change in colony morphology. 

It was possihlc to show that in addition to altering colo;ly morphology, 
the LC agent profoundly changes the metabolic pattern of the pncumococci 
\\-hich acquire it through transformation, for such pncumococci lose entirely 
the capacity to oxidize lactate, and manifest a very reduced respiration of 
glucose. The LC agent is the first transforming factor whose action has 
been shown to affect catabolic reactions. 

It is not possible from the data prcscnted hcrc to propose a dctailcd 
hypothesis lo dcscribc the osidalivc paUlways in the various strains studied. 
In a general way, howcrer, the results obtained can bc drawn togcthcr into 
a coherent scheme on the assumption that the initial steps of glucose oxidation 
arc identical in all strains studied, and that the strains \vhich have hccn 
transformed by the LC agent can perform only this initial osidation step. 
One then obtains: 

:,) l’;lt(crn common to strains RX.-\ and SIII-l-TX, and cncapsulatcd strains 
derived from them by transformation, cscept LC strains. 

glucose step involving 
0.5 moles 0, ’ lactate oxidation 1.2 moles 0, c total: 1.7 moles 0, 

no alternate path 

1,) Pattern in Type III strain AGG. 
step involving 

_ lactate oxidation 
glucose blocked by LC agent 

0.5 moles 0, alternate path o.7 mo,es o, l total: 1.2 moles 0 , 

cj Pattern common to strains of type rc which haw acquired the LC agent. 
step involving lactate 

_ oxidation 

The CO, rclcascd in the three kinds of oxidations is rcspcctivclg 1.35, 
1.1 and 0.25 molcculcs per molcculc of glucose. Thus, assuming again that 
the residual rcspiralion of strains of 1ypc c is the first respiration step, com- 
mon to all strains, the RQ of the osidation beyond the first step is 1.1 /1.2 
for tppc R, and 0.58/0.7 for t\\pc h. It should be added that the values found 
for OZ uptake wcrc variable in strains of tgpc c, ranging from 0.3 to 0.7, 
usllally falling bct\vccn 0.4 and 0.5 niolcculcs per niolcculc of glucose. This 
suggests a marked inllucncc of endogcnous factors on respiration of thcsc 
strains. In this connection it should bc recalled that in tppc c strains, the 
addition of glucose stiniulates the formation of CO, of cndogcnous origin, 
indicating wry clearly the existence of important cndogcnous factors. 

In all strains studied, the amount of HzO, recovered was found to be less 
than would have been expcctcd if all hydrogen transfer to oxygen gave rise 
to hydrogen peroxide. Strains with respiration of type CI accumulate enough 
H,O, in the rcsscl to permit one to say that 50-80 per cent of respiration 
gires rise to pcroside. Strains with respiration of types 0 and c give rise 
to enough free hydrogen pcrosidc to account for only 3040 per cent of the 
respiration producing pcroside. This is a surprisin, d result if it is true that 
no catalasc or pcrosidase activity is present in pncumococci, and 11131 all 
respiration proceeds via lla\-oprotein cnzgn~cs. Rccentlp, evidence has been 
obtained for a pcrosidasc-like activitv in Strcptorocr~r.~ fftecolis, as a consc- 
quence of lvhich lactate is osidizcd by hydrogen pero?iidc, giving rise to 
acetate, CO, and water. This reaction \vas shown to be enzymatic (:<,j. 

Experimenlal Cell Research 6 
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Such a reaction was sought for in the pneumococcal strains studied here, r 
but no evidence could be found for its existence. In the course of these 
experiments, it was seen that when 16 micromoles of H,O, are added to 
pneumococcal suspensions, none of it disappears in the course of two hours 
at 25” C. This suggests that destruction of peroxide by non-enzymatic rcac- 
tions cannot account for the low recoveries of hydrogen peroxide in the 
respiration experiments. 

A last point to be mentioned is the observation that an LC strain which 
fails to oxidize lactate does nevertheless produce lactic acid from glucose in i : 
the course of growth in non-aerated cultures. This is of some interest, for 
it has been generally supposed that the metabolism of lactate is mediated 
by a single enzyme, lactic dehydrogenase, which can either initiate hydrogen 
transfer from lactate to oxygen, or cause lactate to be synthesized through 
the reduction of pyruvate (see Ochoa (11). for a review of the various origins 
of lactate in intermediary metabolism). The characteristics of the LC strains 
studied here permit one to suppose that lactate arises through the activity 
of an enzyme which is incapable of mediating its oxidation. Thus, in those 
strains which do oxidize lactate, two independent enzymes may be involved. 
On the other hand, OIW might also suppose that the block introduced by the 
LC agent atIects solely the transfer of hydrogen to oxygen, without all’ccling 
the other roles of lactic dehydrogenase, and thus avoid the necessity of postu- 
lating a second lactate-activating enzyme. 

The finding that lactic acid is formed in normal amounts in the course of 
growth of an LC strain in glucose-containing medium is of interest for still 
another reason. One might have supposed that the LC agent blocks glucose 
metabolism at a very early stage, and that the enzyme (s) for oxidizing lactate 
fail to be synthetizcd owing to the absence of lactic acid to serve as an adap- 
tive substrate. However, this cannot be the case since lactate is recovered 
from the growth medium in amounts typical for homolactic fermenting 
organism, and presumably is accumulated during growth. 

Since both rough and Type III smooth strains have been cultured for 
many years under essentially identical conditions, it is somewhat surprising 
to find such a striking dill’erencc between them with respect to glucose and ! 
lactic acid metabolism. It could, of course, be supposed that the presence / 
or absence of a capsule plays a critical role in determining which kind of i 
metabolism is most advantageous. However, the answer is not so simple. ! 
The rough strain R36A was derived originally from an encapsulated Type II ’ 
strain, D30. Examination of 1139 was not undertaken in.detail, and a few 
experiments l~erforn~ed nit11 it have not been included in the espcrimental i 
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srction of the present report. Nevertheless, the data which were obtained 
sllovved that strain IX39 resembles R3GA in that it, too, oxidizes lactate. 
However, it differs from the rough strain and resembles the Type III strain 
,466 with respect to the quantity of 0, consumed per molecule of glucose. 
Therefore, the loss of a capsule may, at best, have favored the selection of 
a pneumococcal variant l>osscssin, n an increased ability to oxidize glucose. 
(me is still faced with explain&, fl how strains cultivated under identical 
,;onditions can difIcr lvith respect to ability to oxidize lactic acid. At the 
cellular level, no interference seems to exist between respiratory pattern and 
the secretion of either Type II or Type III capsule, for it was possible to 
make by transformation Type II strains which did not oxidize lactate, just 
as it was possible to make Type III strains which did. The relative selective 
values of the dil‘fercnt combinations of characters were not studied, bon-ever, 
and it is still possible that the type of capsule secreted by a given cell plays 
an important role in stabilizin g in populations a particular kind of rcspira- 
tion pattern. It is more likely, ho\vcvcr, that other factors acting in the course 
of time have brought about the stabilization of different metabolic patterns 
in the various naturally occurring lines of pneuniococci. 

SUMMARY 

Evidence n-as obtained which indicates that the normal Type III capsular 
transforming agent of l~ncuniococcus acts in an all-or-none fashion, at least 
in the majority of transformations which it induces. So indication could be 
found to suggest that these inductions produce a spectrum of bacteria having 
graded abilities to secrete polysaccharide. 

In the course of studying the transformations induced by this agent, a 
new transforming agent was found to exist side by side with the capsular 
agent in transforming extracts prepared from Type III strain AW3. The 
new agent was detected because the rough strain used in transformation 
studies lacks this agent. 

The new agent is called the LC (large colony) agent because its most 
obvious manifestation is to increase the size of the colonies formed on petri 
dishes by pneumococci containing it. 

In transformations, the LC agent is usually acquired indcpcndcntly of 
the capsular agent. Very rarely, both capsular and LC agents are acquired 
by a single bacterium, in the course of a single trcatrncnt of a culture \vith 
the transforming estract. 

Metabolic studies show that pneumococci nhich possess the LC agent have 
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a diminished ability to respire in the prcsencc of glucose, and fail to oxidize 
lactate. Furthermore, they produce less hydrogen peroxide in the course of 
glucose oxidation than do pneumococci which do not possess this agent. 

The metabolic characteristics of LC and non-LC strains are uninfluenced 
by the kind of capsule which they possess (Type III, normal or mutant, 
and Type 11). 

Applying metabolic criteria to the study of many clones derived indepen- 
dently by transformations with the LC agent and identified on morphological 
grounds, it is found that these constitute a homogeneous class with respect 
to the metabolic properties examined. 

The LC agent is thus responsible for a particular pattern of metabolism, 
perhaps produced by the introduction of a block in the oxidation of lactic 
acid. 

A typical LC strain produced by transformation was found to have the 
following additional characteristics: a) a pronounced formation of CO, 
from cndogcnous sources which takes place only in the presence of added 
glucose; b) an RQ atypical of lactic acid bacteria; and c) the ability to form 
enough lactic acid from glucose in the course of gro\vth in unaerated cultures 
to acccount for about 77 prr cent of the carbon of the added glucose, this 
in spite of being unable to attack lactate osidativcly under the conditions of 
the \Varburg espcriments. 

.-.-- 
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